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intrccuc: 


1.  Authorization.  The  research  or:  this  p:  b ! es  it  the  later*,  tery  -u  auth¬ 

orized  by  a  directive  originating  rltfc  the  Chief  of  the  2-orc-au  of  lolps  t:  the 
director  of  the  Navel  Research  laboratory,  C-I9/F{e)  (jt.7)  rated  9  April  1  -  Ci . 
Farther  authorization  zss  contained  In  letters  from  the  Chief  of  the  bureau  of 
Ships  to  th-.  Tirecter  of  the  ?inval  Research  ry,  I/t/F-i D  ~~h)  dated  9 

Deconher  1943,  and  (326)  {«*5C}  dated  51  jarah  1944. 

2.  Statement  of  Probloa  ■  Studies  or  the  l-:'-  ;  teser-t  tad  test  Ins  of  shark 

t»iap.t  T  <jgt  hr  1  Vsj>/j  Vyi£  js  •  T?y*!  QT*  —*■  •*  **  iSSO?  i  ^  «  *  J  IT*  ^jT  7* 

at  the  tiae  the  Laboratory  r*ts  authorized  T.c  befir.  ork  ?r.  tr.e  trchler.  >.  sue- 
stance,  copper  acetate,  had  been  selected  by  these  investigators ,  one.  its  effec¬ 
tiveness  'is  g  shark  repellent  evaluat'd.  The  sain  problem  at  that  tint  appeared 
to  be  the  developa  _r.t  of  a  suitable  container  or  d  trice  that  "tla  pc  mil  tbs 
repellent  material  to  be  used  efficiently  and  eccnocically  and  that  emid  be  vrr 
on  life  Jackets  or  clothing  without  inconvenience. 

3.  The  problen  changed  in  character  as  vork  progressed.  Further  testing  of 
the  repellent  qualities  of  copper  acetate  ns  indicated,  and  vben  it  became  evi¬ 
dent  that  under  certain  conditions  the  aaterial  loet  much  cf  its  effectiveness 
the  search  for  other  materials  as  shark  repellents  was  actively  pursued.  The 
search  for  new  shark  repellent  materials  was  coordinated  kith  an.  extensive  pro¬ 
gram  of  field  testing  and  development  of  a  practical  unit  for  srwivsl  use. 

4.  Previous  Work  Soaring  on  the  Treble*,  i  feral  Research  laboratory  Report 
No.  P-2230  dated  25  February  1944  and  entitled  “First  Partial  Report  ec  the  Tse 
of  Chtssical  Materials  as  Shark  Repellents*  stoaarised  the  work  of  other  investi¬ 
gators'  on  the  oroblec  and  described  the  work  of  the  laboratory  on  the  subject  up 
to  that  tine. 

5.  *ork  on  the  project  by  previous  investigators  w»e  initiated  by  s  direc¬ 
tive  issued  June  1942  by  the  Chief  of  the  Bureau  of  Aeronautics.  :z  cceyiiasee 
with  which  a  contract  aas  and*  with  Marine  Studios,  Inc,  by  the  Committee  co  fed- 
leal  Research  of  the  Office  of  Scientific  Research  end  Development .  The  results 
of  ths  work  by  these  investigators  indicated  that  certain  chemical  rate rials 
possessed  shark  repellent  properties  and  that  copper  acetate  in  particular  dr  wed 
strong  repellent  properties  both  ir.  tank  tests  st  the  “cods  Role  Oceanographic 
Institute  .and  in  field  tests  In  the  3ulf  of  Cnrrecuil  or  the  roast  Founder. 

t ,  The  work  of  this  laboratory  was  begun  In  April  i?i?  as  a  roeperativt  ef  - 
for*,  with  the  Comsittes  on  Medical  Research  and  was  later  carried  out  independ¬ 
ently  when  that  group  terminated  work  on  the  project  in  August  1943.  The  work 
of  the  laboratory  tsa  described  in  Report  No.  r-2iiC  comprise!  wAtti*  s.atu  .  alul  j  ca* 
pe v ■< mentation  and  field  testing. 

7,  The  laboratory  experimentation  as  previously  repartee  nay  be  suncaritec 
briefly  as  the  formulation  of  copper  acetate  into  a  convenient  cake  fere,  a 
saaroh  for  other  chemical  nets  rials  with  shark  repellent  properties,  and  the  nxr 
bination  of  the  several  note  rials  into  a  practical  shark  repellent  unit.  The 
cylindrical  cake  for  of  copper  acetate  was  designed  as  a  cc-rn eniort  practical 
fora  of  the  aaterial  to  be  used  for  indivithsl  protection.  The  unifcrc  and  con¬ 
sistent  rate  of  solution  of  the  aaterial  in  this  fora  also  aade  possible  acre 
accurately  controlled  field  tests . 


1  - 


?.  'Tver  it  t*3  fetus*  fiat  -raider  :=rt';is  acndifiars  aepp-er  acef-ile  r*s  less 
effective  is  o  reediest  trsr  tie  original  bests  rad  a  nil  raid,  a  ? e.-arci  t>*  » 
ot  fcr  rth&r  c.'sen.lcal  Eaferials  v*i;i  right  be  O-ddei  to  it  to  it*  ef- 

ftctiTsccsa  mder  TiS-tad  aanditl aas .  The  field  cf  daric  dyasto/fs  -is  iac-citi .ra¬ 
ted  sites  it  appeared  that  the  -riser!  serse  tf  tine  shark  ra.*  lire  -t.zrt  it  tie 
~ i c-msf-tr-ccs  sfeere  Letter  acetate  raff? red  its  It* s  tf  sff  act  i  rare*  s,  T-rc  :i 
ti:  -TiJtl-tr  dyestuffs' fair  idled  til  tf  tie  re-ettiretteahs  tf  itgi  tirjst:rUI‘ 
strength,  salability  it  set  01  ter  rd  ttwcfttitility  --  i t»  1 1  ccer  tz i.  its tt  .  „  rrssspt 

the  cooperaticr  tf  tit  Caiec  Chesltei  1  i Tts i tr.  tf  of'  Aa/eric-at  Cyissnl i  Tcrap&ay, 
a  redlfiad  rigTCsir.  type  dr;  ras  d-a-Talcred  viti  til  tf  -.is  r-eyo i * i t--  ; -t  pert I as. 
It  possessed  a  Terr  higfc  tisrteriii  a  t  ro  cgth ,  roa  read  i  I.'  salttl-t  it.  s  *  a  *a  tet¬ 
anic  -stu-E  acsifelted  viii  copper  acetate  ir.  scfficiert  trttcri:  :ss,  lata iterf  a  p£ 

chi  ah,  enabled  its  copper  salt  it  disseise  tetif truly  it  set  <rat.tr. 

r.  Halls  t.V.  shirk  repellent  prepe-rti-os  tf  t it  ry= ,  1-al ;-t  ’"SH2.,  rare  celag 
srtrrad  by  field  tests,  tie  La  be  rat  try  rxperine-rP.atlcc  tts  craes/ctra-bad  as  tie  Snr- 
pnrsss&t  tf  a  tr.it  he  is  osed  far  ItidiTidTcai  pref-tet  icn.  lie  fist  ccnnpressss! 
rake  as  crtgirsiiy  oe  valeted  far  a  vtrer  acetate  pcsse-M-ed  tie  fees!  cable  c.txrao*- 
terlsiics  tf  *  ce-ariy  ariferc  rats  af  soltittc  iircasrfeeut  wwt  -f  its  life,  brt 
sere  of  ti:  ndieg  tser.hs  -res  couple  t<  I7  sstlsfachcrr  Is  riria?  tie  desired 
.•j'.iccirth.  Tees  tie  riff  lenity  af  tie  trees  pi  tat  lets  cf  tie  terser  ry  tts  vatf*- 
rtas  eiirin&hed  by  the  on-cl  os  icc  af  Oalec  *BSE  is  the  fcrstic.,  it  raa  possible  t* 
atelcst  tie  ar»  Is  a  tcraxas  'reg.  Tie  corses  bee  firt  prctec-ri  m  *..-  tie  rtka  of 
resellers,  vat  it  permitted  tie  dissolved  Befarixi  he  pass  threogb  raadi  ly.  27 
ferrite  tie  take  rithir.  tie  terras  bag,  air  spaces  vers  -a  1  ltd  re  ted  and  the.  rwnill- 
log  desaity  of  tie  aasit  ras  s-uff  Iciest  t«  cans*  it  tc  titk  it  s-ta  tea  tar.  i  water 
•c.ltble  ra*,  Cartcsax  XCCO,  was  tased  as  s  cl  at!  lag  ogett.  Tiia  rax  iass  i  aeltieg 
pc  1st  tf  Vacct  55T  so  that  tie  repeileat  tixtere  t=*tld  iae  pruned  sill*  tie  raa 
*ii3  uclter,  tisreiy  I : reiser  a  taifera  dense  estke  rtaer  tin*  ra  icliilfied, 

IT.  The  porecs  ieg  otertalrisg  tie  repellent  csk»  •»»«  -asciraeb  It  t  TBi.ter~ 
preof  -acTfiepe  rede  tf  e  rlryl-ccpclyser  cceted  .fatede.  Tit  frraltpe  v=_s  classed 
by  iaat  rselltg  and  rr'.rrfded  »lth  ir  »A»y- eperiag  flat  aen.it  -lag  ralc.it  rclasse 
of  tie  laser  bag  Tier  need  far  tie  repel  lest  arose.  Tie  txtser  beg  ns  tatie  fast 
tc  the  aster  ecrelcpe  by  a  lengti  cf  aettoe  tepe  sc  that  it  tcaald  berg  staspesaded 
aelsr  tie  -reerer  Is  tie  -rater. 


11.  Tie  field  tests  tret  -.ere  rtperted  arcl_a.ee  lire  terts  ry  -t art  tie  af- 
fectiTeness  rf  copper  acetate  and  -cf  dark  dyes  -as  rrs.lo.at.si.  Also  arc larei  is 
tbs;  field  tests  rare  a  toe:  as  cf  the  dtffosirr  petti  rr  fcrw.d  ay  '.re  rep  allert 
aateriil  as  it  Ussclrec  It  see  rater,  acti  ftxr  a  -aril  ;_s  os^d  i-  bait  tests 
arr.  also  frem  a  'ar.it  as  raaald  be  a^as  ay  a  flcetirg  sn-riTrr.  rttadies  af  tie 
mas  cf  sciatica  cf  fie  repellere  arit  rare  race  as  tae  :  saiga  <<aw  irpr-rTed  la 
trier  tc  itsatra  or  riicoate  rate  fer  arc fectiar  and  raxixaa  Ilfs  cf  tie  '-ait. 

12.  Theoretical  and  ? rrcttcel  lees lierati era.  Altrocgi  tie  system  af  lise 

f  is  Li  Eg  tests  described  ir  tie  ee-rlisr  repert  ri-res  oaf  otl  atcaerirrl  data  or  tie 
=ffectirane»s  cf  a  repellent  suhst-vtce  ir  prctectlcg  a*. its,  tie  rasrlts  cf  <raci 
tests  are  gore  or  sTa.laa.tiar  af  tie  relit  ire  rerifs  af  tie  rariaas-  at  as  tineas 
tested  ***- —  a  rsrrcrc  af  tdeir  osefolosss  ir  actori  a.-cnar  ssmiil.  “tali  tests 
cf  this  retrre  are  rct»  tbs  less  tape rt. art.  A  pragma  cf  field  tsstirg  asset  or 
bait  tests  rej.es  a-cssibl-  the  ccrparlscr  cf  rari.r-as  re  pc  Hart  stabs  t-taaces ,  ard  by 
•rtryios  tie  acodit  iaaaa  rjsder  aiicfc  tie  tests  are  rarrixd  seat  tie  are r-a  _1  affec- 
tireress  af  a.  sr  is  farce  oar  be  aetsntiajed.  Mier  adrart.-oges  af  bait  f-f  afs  arar 


observations  of  the  re-niita  in  actual  survival  use  are  the  speed  with  which  the 
desired  data  can  be  obtained,  the  ability  to  get  sufficient  date  to  be  statis¬ 
tically  significant,  and  the  practicability  of  havUg  qualified  observers  at 
seen;  of  the  test  to  prcoerly  interpret  the  results.  The  objective  adopted  rs 
to  obtain  the  rest  effective  repellent  substance  that  could  be  developed  within 
a  reasonable  period  and  to  produce  the  scat  practical  unit  that  could  be  designed 
on  the  basis  of  existing  knowledge.  If  substantiated  reports  of  actual  use  of 
the  repellent  in  human  survival  indicate  sene  modification  of  the  •'ornolation  or 
the  design,  such  modifications  should  be  carefully  e  nsldered. 

13.  The  portion  of  the  work  on  the  problem  de-ling  with  laboratory  experi¬ 
mentation  has  boor,  largely  covered  in  an  earlier  report,  and  only  that  part  not 
previously  reported  Trill  be  given  in  detail  here.  A  part  of  the  field  testing 
was  presented  in  the  earlier  report,  but  the  methods  used  and  tic  results  of  all 
field  testing  done  by  this  Laboratory  are  included  in  this  report-  in  order  to 
give  to  each  phase  of  the  tests  its  proper  significance. 

METHODS  USED. 

14.  Laboratory  Experimentation.  This  work  mas  made  up  largely  of  the  devel¬ 
opment  of  the  repellent  materials,  studies  of  solubility  and  tinctorial  strength 
of  the  material a,  the  production  of  a  satisfactory  unit  for  individual  protec¬ 
tion,  nnd  further  studies  of  the  unit  for  ratos  of  diffusion,  length  of  life  and 
general  serviceability. 


15.  The  use  of  copper  acetate  as  a  shark  repellent  material  was  proposed  and 
first  tested  by  the  committee  on  Medical  Research  before  the  Laboratory  began 
work  on  the  problem.  The  development  of  the  dyestuff,  Calco  1*BSR,  was  dcae  by 
Calco  Chemical  Company  in  response  to  a  request  fcy  the  Laboratory  for  a  dark  dye 
with  a  high  tinctorial  value,  readily  soluble  in  sec  water,  and  compatible  with 
copper  acetate.  Studies  of  tinctorial  strength  were  made  with  a  Cerco-S»n£ord- 
Sheard  HxrtaLawiteT  calibrated  against  neutral  density  filters.  Traisrissioc  data 
were  obtained  for  solution  in  distilled  water  and  see  water  rith  cud  without 
copper  acetate  added.  Transmission  measurements  were  also  used  later  to  follow 
the  rate  of  diffusion  of  the  repellent  caterial  from  the  individual  units.  The 
sea  water  was  prepared  synthetically,  from  C.p.  chemicals  according  to  the  fol¬ 
lowing  formula: 


Magnesium  Chloride  (MgClj  •  6HoO) 
Calcium  Chloride  (CaCl2  *  2H?0) 
Anhydrous  Sodium  Sulfate  (Na^SC^ 
Sodium  Chloride  (NaCl) 


11.0  Ga/liter 
1.6  " 

L.O  " 

25.0  ■  " 


16.  The  compatability  of  the  dye  with  copper  acetate  was  studied  cy  means  of 
pH  measurements  as  well  as  by  transmission  data.  The  pE  of  sea  water  is  suffi¬ 
ciently  high  to  precipitate  copper  from  dilute  solutions  of  copper  acetate  sc 
that  one  of  the  requisites  of  the  dye  was  that  it  maintain  the  pH  of  see  water 
solutions  of  the  mixture  at  a  point  where  the  copper  would  not  be  precipitated. 
Measurements  were  made  with  a  Coleman  pB  meter  at  various  concentrations  of  the 
dye  alone  and  of  the  dye-copper  acetate  mixture. 


17.  Individual  units  of  the  repellent  materials  for  ir  vejt  tests  were 
made  up  by  mixing  the  repellent  with  suitable  binding  and  solubilizing  agents 
and  than  forming  into  a  dense  cake  by  press -eg  in  a  steel  die  with  a  laboratory 
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model  hydraulic  press.  The  design  and  development  cf  ’he  units  Ter  actual  sur¬ 
vival  use  «as  somewhat  different  and  will  he  treated  at  a  later  point  in  this 
report. 

I' .  Field  Tests.  The  repellent  value  cf  -i  substance  was  setentines  by  its 
ability  to  protect  a  suitable  belt  under  a  variety  of  conditions.  The  use  cf 
live  an taals  or  freshly  hilled  ar.ise.ls  was  considered  by  the  criminal  investiga¬ 
tors  for  the  Coahittee  or  Medical  Research  but  .as  -rlged  impractical.  These 
investigators  used  a  method  of  determining  the  util:  y  of  a  substance  to  protect 
bait  fish  to  evaluate  its  effectiveness  as  a  shark  repellent.  This  net*\od  with 
scoe  modifications  vas  used  for  the  first  part  of  the  \aval  n-e-searen  laboratory 
field  tests .  Too  shark  _inss  — e no  used  si2t~.lanec’u»iy,  iuei.tioul  except  ocr  t-e 
presence  of  a  repellent  on  one  line;  the  ether  line  acted  as  a  control,  "he 
baits  or.  the  hooks  mere  suspended  at  the  desired  depths  by  icsna  -of  floats.  The 
lines  rare  fished  free  the  stem  of  an  anchored  boat  tod  tart  eert  separated  a 
distance  of  25  to  y>  feet  by  means  of  outriggers  and  snail  paravanes. 

19.  Plate  1,  figures  1  and  2,  are  underwater  photographs  snowing  ths  reia- 
tlcnship  of  the  paravane,  float,  repellent  end  bn.it.  Firure  1  is  a  picture  cl 
the  line  with  a  rc-pcller.t  'unit  attached  chile  the  line  ir.  Figure  2  ?:as  a  dummy 
repvll.’.t  cake  of  bnkelite  attached  and  acts  as  a  control.  The  repellent  was 
attached  at  the  lead  sinker  sc  that  its  depth  did  net  charge.  The  depth  of  the 
belt  defended  somewhat  or.  the  rate  of  the  current ,  conseoucntly,  it  did  not  at 
all  times  remain  in  the  repellent  as  it  diffused  oomeurrent  frse  the  repellent 
cake. 

20.  The  edges  of  the  flat  cylindrical  repellent  cake  -ere  protected  tesnafcla 
the  repellent  to  dissolve  free  the  unprotected  face  at  a  uniform  rate.  A  rate 
of  solution  cf  3C  grams  per  hour  vas  ccc-sen  os  a  standard  for  the  lire  fishing 
tests.  ThU  rate  weald  wry  with  the  temperature  cf  the  water,  rate  of  current 
flow  and  roughness  of  the  surface  water,  but  under  average  cca.-i  iic-ns  :  IOC  gram 
cake  would  last  slightly  tore  th.tr.  3  hours. 

21.  In  another  type  of  test,  instead  of  fishing  a  control  and  a  repellent 
line  simultaneously,  twe  control  lines  were  fished  for  a  definite  period,  then 
two  repellent  lines,  and  finally  two  ccntrcl  lines  again-.  In  this  way  the  rate 
at  which  the  shark  could  be  expected  tc  be  naught  was  established  by  the  control 
periods  and  the  effectiveness  of  the  repellent  was  determined  by  compering  that 
rate  with  the  rate  at  which  they  were  caught  then  the  repellent  ms  -_sed. 

22.  The  repellent  -ms  else  tested  against  large  groups  cf  sharks  feeding  on 
the  surface.  This  naan  feeding  condition  exists  where-  a  large  amount  of  food 
such  as  fish  cr  garbage  is  thrown  re  pea telly  into  an  ares  inhabited  by  sharks. 

The  sharks  become  accustomed  tc  taking  the  discarded  material  and  feed  voracious¬ 
ly  cn  the  surface  whenever  the  food  is  throve?  ever.  Field  tests  were  conducted 
in  the  vicinity  of  :iiypert,  Florida,  where,  during  the  month s  cf  May  and  Tune, 
large  numbers  cf  sharks  fellow  the  shrimp  beats  tc  feed  cn  the  trash  fish  that 

is  t&kec  in  the  shrimp  trawl  and  discarded.  The  purpose  cf  the  tests  was  tc  de¬ 
termine  the  effectiveness  of  the  repellent  material  in  stepping  the  sharks  from 
feed  leg  cn  the  trash  fish  which  they  erd  inr.r’  by  took  so  voraciously.  The  first 
tests  of  anis  nature  were  conducted  from  e  bx>at  other  than  a  shrimper.  A  quan¬ 
tity  of  br.it  fish  ms  taken  aboard  and  the  boat  brought  alongside  a  shrimp  boat 
that  was  discarding  trash  fish.  By  throwing  over  bait  free  the  experimental  boat 
‘ust  ns  the  discarding  of  trash  fish  from  the  shrimper  was  discort iruei  the 
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sharks  could  be  induced  tc  follow  the  experimental  boat,  and  *.  ate  the  belt  os  it 
’••vs  thrcwr.  over.  A  sea  water  solution  of  ths  repellent  material  was  thee  s preyed 
on  the  surface  of  trie  water  and  bait  fish  thrown  into  the  treated  arts.  The  ef¬ 
fectiveness  of  the  repellent  was  judged  by  the  extent  tc  which  it  was  able  to 
stop  the  feeding  on  the  surface. 

23.  This  method  of  testing  was  only  partly  successful.  It  rj  difficult  to 
keep- the  sharks  in  the  vicinity  of  the  experimental  boat  because  -.be  sharks  had 
evidently  become  so  highly  conditioned  that  they  could  readily  differentiate  be¬ 
tween  the  ejcperinontal  boat  and  the  shrinp  boats  fica  which  the.?  ordinarily  re¬ 
ceived  their  food.  Por  this  reason  it  was  difficult  to  determine  whether  the 
repellent  material  drove  the  sharks  freo  the  vicinity  of  the  esperiaent* l  boat 
or  whether  they  left  cf  their  c*n  volition.  Another  difficulty  net  frith  in  this 
type  of  t< st  was  that  the  action  took  place  in  such  a  short  space  of  tire  that 
it  ..v.s  difficult  to  obtain  any  quantitative  numerical  data  to  substantiate  the 
observed  results . 

24.  The  first  difficulty  was  over cone  by  carrying  out  tests  free  boats  ac¬ 
tually  engaged  in  shrimping  operations.  In  this  ctse  the  presence  of  the  skrlwp 
trawl,  the  sound  of  the  motors  and  other  factors  wore  exactly  those  to  which  the 
sharks  were  conditioned  and  as  long  as  bait  fish  ms  thrown  over,  there  was  no 
difficulty  in  keeping  the  sharks  in  the  vicinity  of  ahe  boat.  The  difficulty 
of  obtaining  numerical  data  res  overcome  by  the  use  cf  metier,  picture  pbotogra- 
phy.  By  this  sears  the  activity  of  the  sharks  on  the  surface  at  the  stern  of 
the  shrimper,  the  manner  in  which  the  repellent  material  was  used  and  the  effect 
cf  the  repellent  on  the  shark  activity  could  be  shewn.  The  Photographic  Science 
laboratory  of  the  Suronu  of  .Aeronautics  collaborated  with  this  laboratory  in  the 
production  of  a  16  on.  Kodachrooe  filn  which  L.  not  only  a  photographic  record 
of  *hc  field  tests  but  also  tells  briefly  the  entire  story  of  tie  development  of 
t:  shark  repellent  for  survival  use. 

25.  Fl-tc  2,  Fljuras  1  arti  2,  are  photographs  shoving  the  activity  of  the 
sharks  at  the  stern  of  a  3  hr  lap  boot  au  trash  fish  is  beh^  thrown  ever.  The 
lines  to  the  trawl  :  re  visible.  Flate  3,  Figs.  1  and  2,  are  additional  shots 
of  sharks  feeding  or  the  jurface. 

26.  The  sharks  dealt  with  in  the  mass  feeding  tests  were  mcstly  of  the  com¬ 
mon  black  tip  variety,  Curcharinus  Liubatus,  3  sjxscies  not  generally  considered 
dangerous  to  man.  These  sharks  were  of  sn  average  size  of  five  tc  seven  feet. 

It  any  be  considered  pertinent,  however,  that  at  the  sane  time  that  the  tests 
were  being  conducted  in  the  vicinity  of  Mhypon..  Florida,  a  young  girl  was  bit¬ 
ten,  apparently  by  a  shark,  while  bathing  on  tlsj  beach  la  3  to  4  feet  of  water. 
Flntes  4,  Figs.  1  and  2,  are  phonographs  of  tn:  wound,  a  typical  stork-bite, 
which  were  taken  at  the  dispensary  of  the  Sfcyp  jrt  Maval  Frontier  Sejic  where  the. 
girl  was  brought  for  emergency  treatneut. 

DATA  AN!  RSSCLTS  OSTAHtg) . 

27.  Laboratory  Bata.  The  tinctorial  strength  of  many  dyes  was  measured  pho¬ 
tometrically  but  only  these  data  on  the  dyestuff,  Caico  TOSH,  and  its  combination 
with  copper  acetate  are  Included  here.  Transmission  vs.  concentration  curves 
arc  given  ir.  Flate  5.  The  curves  are  for  'he  cure  dyestuff,  Caico  TBSR,  in  syn¬ 
thetic  sea  water  and  for  an  90/2C  mixture  of  the  dye  ami  copper  acetate.  The 
curves  "era  obtained  with  a  Cence-3 -  nf crd-Sbeard  Photelooeter  with  tungste- 
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light.  Tor  further  idectlflcetlcr.  of  the  repellent  -irttare  the  ir-eamtisaJon 
cbeemctcristio ,  re  re  — -cc  --c J  i  '-’ret  ten  filter*  At  e  :  or  e -eat  retire  ©f 

4C  p.p.3.  tbs  repellert  Elrture  shoved  ©  treasaSsalrt  fer  okite  light  of  }if 
ohile  *t  tbs  tots  length  girts,  tjr  the  VretUs  #S9  filter  the  trtnsai**ieB  fer 
the  i'as  s-oloticr.  ares  5C*. 


1?.  A  spxtrr.1  trms*tssicc  cur-re-  for  the  oirtvre  ccctiio-iog  ~6t  tys ,  191 
copper  'cevetc  cac  ‘i  Ctrbcvrix  AODC  ™.s  prepered  iy  the  Ctlee  Chesticeel  CiTiaiec 
of  Affiericais  Cj^rsaaid  Ccrapcr y.  This  iot  is  reproo-:  ■  c-d  ir.  Plato  6 .  Che  ococese- 
trcetics  usee  ses  4B  r.c.ra.  in  hlstilled  voter. 


29.  Hydrogen  : or  e out ov t i :-r  roes eercre r t e  were  ra*-e«  by  rae-ecs  of  t  CclanaK  . 
git ss  electrode  tr  raster.  Tbs  results  of  retr t rcrerts  cs  syrtbshic  see  utter 
solutions  of  the  aye,  ’’iSS,  od  of  the  ?t/2C  rixturc  of  the  rye  ?ad  copper  tce- 
tot-s  »rr  rio-ec  ir  the  follosring  to  tie . 
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Results  of 

line  Firh'rs'  f-e-Ets. 

Lips  tcatr  •-•eft  ocndwrhyi  it  tie  riciri- 

#  *  — »  --^.-.••-5 

Kississ  ippi;  tad  the-  Plrriin  riyz.  Cories 

,  n:  :jr 

*-'3 15  :f  tia  recall 

-: eet  valaje  of  copper  teethts.  Cartes  17 

-TC  tests  3f 

ih:  ct£.  *5S?“.  Ir 

ill  sceses,  the  r-eta  of  sciutiac  cos  epprmt- 

iy  PC  grrjas  of  rot*  Herat  per  .  evr 

Rigs: 


Baits 

Repellent : 

Tyne  ;-f  Shirks! 


Sortie  :ertr,  Si.  A-rag'-eiics,  florid©,  fu-y  -3il  bet*&iE 
be..-err  of  !?’•€■  rc  C5X. 

Too  r lor  rf.rs  ejs  <j ,  ccc  if  -ieiri  ares  rrchectsd  retie  re— 
priloret  rake.  Placets  esed  sc  that  hr  its  haw  fran  5  to 
1*5  ie  - 1  or-imr  the  surface  sad  re  re  11  set  ©else  eera  r.  torched 
?C  *c  IS  ire  has  frtac  bait. 

Fresh  sieriup. 

Ccppc-r  ncetctc. 

~-m  i  *;  hcasaemend  eai  sicst-  loose . 
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Results: 


iiuabei  of  shark;*  caught  on  control  1 * re  -  25 
Number  of  sharks  caught  on  repellent  Ii:;e-  7 
Percent  effectiveness  ----------  72 


Strtw 

Tests  conducted  at:  Chandeleur  Island,  Louisiana,  cff  31 leri ,  Mississippi,  30 

July  1943  to  9  August  1943  between  hours  of  0730  *and  2090. 

Rigs:  T-'o  sin  liar  rigs  used,  one  with  repellent  cake.  rloats 

used  te  suspend  baits  about  3  feet  celov  surface.  Repel¬ 
lent  cake  attached  34  Inches  fro=  bait. 


Bait:  Fresh  white  trout  and  ground  mullet. 

Repellent:  Copper  acetate. 

Type  of  sharks:  Black  tip  and  one  sharp  noae,  other  types  Including  bar. - 

serhead,  Xenon  shark  and  tiger  shark,  known  uo  be  in  vic¬ 
inity. 

% 

Condition  of  sharks:  The  sharks  were  stirred  up  and  hrwught  to  the  surface  by 
dragging  a  ahrinp  trawl  and  by  ehuraing.  The  tests  have 
been  divided  into  two  parts  arbitrarily  on  the  basis  of 
rate  of  fishing.  During  the  period  of  greet  shark  activ¬ 
ity  the  sharks  often  struck  the  belt  a  few  seconds  after 
it  struck  the  water  and  it  is  possible  that  some  of  the 
sharks  attacked  the  bait  without  encountering  any  of  the 
repellent. 


Results: 


Percent 


Period  of  great 

shark  activity 

67 

37 

45 

Period  of  lesser 

activity 

46 

11 

76 

Combined  period* 

ill 

48 

58 

Tests  conducted  at:  Florida  Keys  off  Bahia  Honda  Channel,  12  October  and  11 

December  1943  luring  hours  of  1000  and  2000. 


Rigs:  Two  similar  rigs  used,  one  ri th  repellent  cake  attached  36 

inches  fro“  he :  t.  Float-s  used  to  keep  baits  about  12  feet 
below  surface. 


*^?hi!sbcrs  include  beth  c&tchss  slrikss t 

♦The  test  represented  by  Series  IT  mas  conducted  by  the  Committee  on  Medical  Re¬ 
search  with  the  cooperation  of  a  representative  of  the  Naval  Research  Laboratory. 
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Eait: 


Fresh  sullet 


Repellent: 

Type  of  Sharks: 

Condition  at  Sharks: 

Results?  * 


Tests  conducted  at: 

nit's: 

rsit: 

162t? 

Type  of  Sharks: 
Condition  of  Sharks: 

Results: 


Tests  Conducted  at: 
Rigs? 


Copper  acetate. 

Slack  tip,  sharp  nose  and  black  noae.  One  lares  nurse 
shark  caught  on  n oo-expe rlsenta 1  rig. 

Efforts  -*Ae  to  attract  sharks  to  vicinity  .y  cccasicnal 
chawing  with  chopped  sullet  ar.  bottom  fishing  for  other 
fish.  Exploratory  catches  made  to  shew  presence  of  sharks 
in  vicinity. 


Exploratory  catches 

Catches 

S 

Strikes 

**, 

Totals 

Control  line 

12 

4 

Repellent  line 

I 

1 

Percent  effectiveness 

92 

- 

94 

Series  IT 

Florida  Keys  rithir  a  radius  of  25  riles  of  Iferetho:.,  Flor¬ 
ida  during  all  hours  including  hours  with  bright  moor,  end 
no  -soonligfet  conditions. 


Two  similar  rigs  used,  one  -ith  repellent  oake  and  the  oth¬ 
er  rith  ducagr  bake  lite  rule.  Repellent .cake  attached  3fc 
inches  freo  halt.  Fleets  used  tc  keep  tails  J  to  15  feet 
below  surr-.-e . 

Fresh  mullet . 

Ertstuff  Calct  . v. . . 

Slack  tip,  shove irose,  black  nose  and  sharp  nose. 

Occiisioanl  chawing  rith  chopped  mullet.  Simultaneous  fish¬ 
ing  for  tottc*  fish.  Exp loretory  catches  race  tc  shew  pres¬ 
ence  of  sharks  in  vicinity. 


Catches 

Strikes 

Combined 

Exploratory  catches 

114 

L 

11® 

Control  line 

50 

23 

Repellent  lire 

2 

D 

2 

Percent  effectiveness 

- 

97 

Series  V 

Florida  Keys  sear  Harathcr. ,  Florida  '?  to-oery  1914. 

Too  5-h-Iar  rigs  eivhout  repellent  curing  first  period, 
two  rith  repellents  during  second  period  and  two  without 
repellent  again  during  3rd  peripd.  Suits  5  feet  below  sur¬ 
face. 


.  Bait: 


Fresh  millet 


Repellent;  Dyestuff  Calcs  WBSft. 

Type  of  Sharks;  Black  tip,  black  nose  and  sharp  nose. 

CoRd'tior.  of  Sharks:  Churning  with  chopped  aullet  at  a  relatively  constant  rate 
throughout  tost. 

Results: 

1st  fishing  period  -  100  minutes,  no  repellent 

Sharlm  cwoght  ------ 

Strike*  . 

Greatest  interval  between 
ae cions  --------- 

2nd  fishing  period  -  100  minutes,  repellent  used. 

Sharks  caught  ------ 

Strikes  --------- 

Greatest  interval  between 
,  actions  -------  — 

3rd  fishing  period  -  58  minutes,  no  repellent. 

Sharks  caught  -  —  -  -  -  ■ 

Strikes  ---------- 

G roe teat  interval  between 
actions  --------- 

31.  RemJfa  ?f  Mmi  PvWing  Tegta.  The  first  tests  of  a  repellent  aster- 
ial  against  large  numbers  of  sharks  on  the  surface  were  conducted  by  the  inves¬ 
tigators  for  the  Committee  on  Medical  Research  in  the  vicinity  of  St.  Augustine 
during  May  19/43 .  In  tnese  testa  it  mas  demonstrated  that  copper  acetate  lost 

most  of  its  effectiveness  as  a  repellent  under  the  conditions  of  mass  feeding.  i 

Tests  with  dark  water-soluble  (lye  sere  conducted  near  Mayport,  Florida  in  June, 

1943,  near  Biloxi,  Mississippi  in  August  1943  and  again  at  Mayport  and  Fertan- 
dino,  Florida  in  September  3.943  •  In  acne  of  these  instances,  however,  was  the 
activity  of  the  sharks  sufficiently  great  to  make  the  results  of  the  tests  con¬ 
clusive.  They  did  indicate  Id  a  qualitative  way  that  the  dark  dyes  possessed 
repellent  qualities  against  the  mob  action  displayed  by  surface  feeding  sharks, 

32.  A  more  extensive  jerles  of  tests  was  planned  in  order  to  evaluate  the 
effectiveness  of  the  Calco  9BSR,  copper  acetate  mixture  under  mama  feeding  con¬ 
ditions  after  the  repellent  qualities  af  the  dye  had  been  established  by  line 
tests.  These  mass  feeding  teats  were  carried  out  in  the  vicinity  of  Mayport, 

Florida  between  27  May  and  3  June  1944. 


Series  I 

This  series  of  tests  woo  conducted  from  an  experimental  fishing 
boat  that  had  been  engaged  in  work  for  the  united  States  Bureau  of 
Fisheries.  The  boat  was  equipped  for  menhaden  fishing  and  had  a  crow's 
nest  40  feet  above  the  waterline  from  which  the  cameraman  waa  able  to 
work. 
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4 

2 

21  minutes. 


0 

0 

'100  minutes. 


9 

13  minutes 


Ite  jlffiggUlM  set  with  In  a(  tertptlng  to  get  successful  teats  froo  the 
erperljyjntal  fisheries  boat  have  a iready  been  senticned.  Sharks  were  in* 
ducod  to  feed  on  belt  fish  threw!  on  the  surface  froo  the  experleental 
coat,  and  a  sea  water  solution  of  repellent  was  sprayed  among  then,  A  def¬ 
inite  lessening  of  activity  of  the  sharks  could  bo  noted  when  the  repellent 
was  vsed,  bet  in  corti-ci  runs  *!»en  no  repellent  was  used  there  was  also  a 
gr/iriual  lessening  of  activity,  sa'ring  an  exact  evaluation  cf  the  effective¬ 
ness  of  the  repellt..  •.  difficult.  When  it  beea»e  obvious  that  it  would  be 
impossible  to  nairtatr.  any  seohlcnce  of  uniform  activity  cf  sharks  in  the 
vicinity  of  the  expert  Dental  fisherle*  boat,  c  eratiora  were  transferred 
to  a  shriap  coat  actually  engage;  in  trawling  for  “hriry. 

Series  II 

These  tests  were  cesvductcd  fres  a  sfcrint  boat  where  there  was  little 
difficulty  lr.  obtaining  the  jeslred  shark  activity  or.  the  surface  and  as 
long  as  trash  fish  sas  thrown  overboard  there  appeared  to  be  r.c  lessening 
of  activity  of  the  sharks.  When  a  shovelful  of  trash  fish  ~ou  thrown  over, 
the  sharks  would  strike  it  almost  i  rased  lately  within  a  lev  feet  of  the 
beat  and  churn  the  water  at  large  rushers  of  the  sharks  ccr.peted  fer  the 
food.  (See  Plate  2) .  The  shrive  travi  iss,  being  dragged  during  these  op¬ 
erations  tritb  the  ooat  making  tire  to  three  riles  per  hour .  Per  this  reas¬ 
on  the  shrdvp  boot  would  gradually  pull  a.rey  freer  the  activity  centered 
about  any  one  shovelful  of  fish  that  had;  beer,  thrccr.  over,  cut  the  sharks 
..ere  sufficiently  plentiful  that  each  succeeding  shovelful  world  also  be 
taker,  almost  iscd  lately.  The  trash  fish  uan  bhrovr.  over  by  shovelsfui 
near  the  stem  with  the  boat  liiorly  unc/er  -.ray.  Then  a  5?  sea  water  solu¬ 
tion  of  the  VBSR-cepper  acetate  Dixture  ras  sprayed  overheard  near  the  bow 
foraing  a  ribbon- like  pattern  10  to  12  feet  ride  as  the  boat  terra  through 
the  vaterj  The  trash  fish  -rai  diaeirried  at  a  uniform  rate,  ar,d  ™«  threw?! 
into  the  repellent  treated  area  ufeer.  that  aiea  lx- achec  the  stem.  Is  this 
test  all  imaediate  activity  was  stopcod  by  .the  hcrelier.t  it  tfca  treated 
area  rith  the  trash  fish  floating  ufatoudhed  oh  tfca  surfafcc  utstpi  the  re¬ 
pellent  becanc  sc  diluted  that  it  no  longer  offered  protection.  Tver  the 
spraying  cf  the  repellent  was  discontinued  the  sharks  route  again  be  grad¬ 
ually  brought  back  to  feed  at  the  stem  of  the  boat.  The  actios  iuring 
this  t:-st  was  recorded  on  lb  na.  Kodachrose  wot i or.  picture  fila. 

Scries  III 

This  as  an other  type  of  waas  feeding  test  conducted  free  the  shrimp 
boat.  The  surface  shark  activity  ras  obtained  in  the  saae  name r  as  in 
Series  II,  but  the  dry  repellent  mixture  -as  use-r  instead  of  a  sea  water 
solution.  The  dry  repellent  mixture  ccsp-isirg  ®C!l  Calco  TSSH  and  2d  cop¬ 
per  acetate  war  tired  r-itfc  a  quantity  of  trash  fisfc  froc  the  shrine  trawl. 
The  approxinate  prepci-t i or.  of  the  repellent  mixture  used  eos  5%  by  weight. 
Successive  shovelsfui  of  clean  trash  fish  were  thrown  over  and  taken  alaost 
i -mb  lately  by  the  *  barks,  ""ith  nc  tiae  interval  interposed  several  por¬ 
tions  of  the  repellent-treated  fish  were  thrown  over.  Activity  ~H«ervrd 
in  the  -.-icinity  of  the  repellent-treated  fish  alnost  ijaacdistely  tut  it  *aa 
prinarily  a  churr.lnt-  of  tfco  xrater  and  it  bus  not  pcssJhle  tc  observe  whether 
any  of  the  fisfc  was  actually  taken.  Tbe  act i c r  started  at  aimat  the  in- 
slant,  the  tpc&ted  trash  fish  hit  *|y  imtcr  hpfor-1  tho  rctsHtE*.  r_sd  tiss  tc 
dissolve  appreciably.  The  activity  stepprr  as  the  rc-prllcr.t  diffused 
throughout  the  area.  In  tfc:  second  and  third  tests  bf  this  series  tbe  only 
activity  that  -vis  observed  in  the  vicinity  o.  "ho  treated  trash  fish  were 
sharks  noving  acay  after  they  hoc  evidently  beer,  attracted  by  ; h  splasfc  in 
the  to  ter,  and  thm  driven  avay  by  contact  -dth  the  repellent.  A  rotten  picture 
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record  was  also  made  of  a  typical  tost  of  tnis  series. 

DISCUSS  101:  OF  RSSUUTS 

13.  Results  of  Field  Tests.  In  any  discusslor  of  the  moans  by  which  a  chcmi- 
oal  substance  acts  to  prevent  bait  or  food  being  attacked  fey  sharks  it  is  neces¬ 
sary  to  consider  tho  sensory  stimuli  involvod  in  shark  feeding.  It  is  difficult 
to  make  any  factual  statement  regarding  the  relative  importance  of  the  visual 
stimulus  and  the  olfactory  stimulus,  or  any  other  stimulus  that  may  bo  involved 
in  the  feeding  habits.  Also  the  part  played  by  each  is  probably  not  constant  tut 
changes  with  conditions  and  degroe  of  excitation  of  U10  sharks. 

34.  The  field  tests  Cover  a  wide  range  of  levels  of  excitement  or  activity  of 
the  sharks.  They  vary  from  the  slowest  line  fish’ng  testa  where  only  on#  or  two 
sharks  would  be  caught  in  an  hour  to  the  tests  where  dozens  of  sharks  could  be 
observed  fighting  for  food  on  the  surface  at  one  time.  In  the  case  of  slow  fish¬ 
ing  tests,  regardless  of  what  senses  are  used  by  the  sharks  in  locating  their 
food  some  stimulus  other  than  the  visual  must  have  been  sufficiently  strong  to 
make  them  take  cognizance  of  the  copper  acetate  used  as  a  repellent, 

35.  It  was  not  expected  that  the  dark  dye,  Olco  :  BSR  would  produce  any  more 
than  a  visual  stimulus  in  the  dilutions  met  with  under  field  conditions,  but  the 
success  of  line  fishing  tests  made  on  moonless  nights* indicated  that  even  under 
these  conditions,  the  visual  stimulus  remained  sufficiently  strong  to  be  effec¬ 
tive,  ox-  that  some  other  response  was  being  produced  by  the  dye. 

36.  A  substance  that  depends  for  its  repellent  ability  on  its  effect  on  one 
sense  alone,  must  necessarily  suffer  a  decrease  in  effectiveness  when  the  impor¬ 
tance  of  that  sense  is  shifted  into  the  background  by  some  environmental  change. 

A  substance  or  combination  of  substances  whose  effectiveness  depends  on  the  stim¬ 
ulation  of  several  senses  would  be  certainly  less  likely  to  suffer  a  large  de¬ 
crease  in  efficiency  as  the  relative  imptrtehoe  of  '.he  various  senses  is  changed 
by  external  conditions  during  the  search  for  food.  It  was  for  this  reason  that 

a  combination  of  ths  dyestuff,  Calco  "5 SP.,  and  ccppdr  acetate  was  prepared  and 
used  for  the  final  field  tests.  It  was  possible  to  ’nciude  20%  of  copper  acetate 
in  the  final  formula  without  sacrificing  any  of  the  desirable  solubility  charac¬ 
teristics  of  the  repellent. 

37.  The  results  of  the  final  field  tests  with  the  dye-copper  acetate  mixture 
were  very  encouraging.  The  repellent  vaa  eff active  in  protecting  trash  fish  on 
which  the  sharks  were  accustomed  to  feed  so  •  oraciously.  Those  tests  differed 
from  the  line  teats  in  that  the  re;  client  ws  .  not  constantly  being  replenished 
from  a  cake  of  the  solid  material  but  the  r  pellent  was  only  supplied  once  to  an 
area.  It  was  to  be  expected,  then,  that  as  the  repellent  diffused  over  a  large 
area  in  the  water  'ts  concentration  would  <  eerssss  and  finally  reach  a  point 
where  it  wot- Id  lose  its  effectiveness.  Ir  the  tests  where  the  repellent  was 
sprayed  on  the  surface  it  was  estimated  tnat  the  original  concentration  was  no 
more  than  0.1  gm  per  square  foot  of  surface  or  about  3  parts  per  million  if  it 
were  considered  to  be  distributed  over  a  depth  of  one  foot. 

38.  The  reaction  of  the  sharks  to  the  repellent  at  the  very  beginning  of  the 
mass  feeding  tests  of  Series  III  whore  the  repellent  was  used  in  the  dry  form 
mixed  with  the  bait  fish  -as  not  unexpected.  Tho  highly  conditioned  sharks  fol¬ 
lowing  the  shrimp  boat  on  sensing  a  shovalful  of  trash  fish  hitting  the  water 
would  immediately  plunge  into  it  and  churn  the  -ater  as  they  competed  for  the 
fish,  'hen  the  tra3h  fish  mixed  with  dry  repellent  was  thrown  over  in  the  same 
way  immediately  afterward  it  was  not  surprising  that  the  sharks  would  plunge  in¬ 
to  the  mass  before  tho  repellent  h-d  an  opportunity  to  diffuse  to  arty  a pprec ta¬ 
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ble  extent,  When  the  shark*  detected  the  repellent,  however,  they  hast* 
ily  moved  away  from  It.  ’ith  each  succeeding  addition  cf  treated  trash  fish 
the  sharks  rapidly  became  more  wary  and  in  e  short  time  would  avoid  the  trash 
fish  that  was  -i xed  with  the  repellent.  This  cumulative  effect  was  noted  to 
carry  over  to  tests  that  were  repeated  In  the  same  area  several  hours  later  In 
which  case  the  treated  fish  was  entirely  undisturbed. 

39.  Pfrck&ee  Design.,  The  majority  of  the  individuals  having  need  for  a 
shark  repellent  substance  are  survivors  of  air  or  marine  disasters  who  find 
these  elves  in  shark  Infested  -™tars  as  a  result  of  accident  rather  than  by  in¬ 
tent.  A  unit  of  shark  repellent  material  nay  be  ran  ied  for  a  long  period  of 
tine  before  it  is  ever  needed.  For  this  reason  the  ur.it  has  to  be  compact  and 
durable  yet  the  repellent  should  be  easily  accessible  and  effective  whenever  it 
is  needed. 

40.  The  unit  developed  for  general  use  consists  of  a  flat  cake  of  the  re¬ 
pellent  material  in  a  bag  of  cotton  sheeting  which  is  protected  by  a  water-proof 
outer  envelope  made  from  a  vinyl -copolymer- coated  fabric.  Plate  7  is  an  outside 
view  of  the  assembled  unit.  Plate  8  shows  the  front  flap  pulled  down  releasing 
the  inner  bag;  of  active  material.'  The  unit  is  similar  to  one  described  in  the 
earlier  report,  the  main  points  of  difference  being  the  use  of  ectton  sheeting 
instead  of  paper  as  the  porous  material  for  the  inner  bag  and  the  addition  of 

a  lanyard  at  the  bottom  of  the  unit  to  help  secure  it.  to  the  life  vests  or  belts. 
The  use  of  cotton  sheeting  for  the  fabrication  of  the  inner  beg  was  adopted  be¬ 
cause  it  permitted  higher  pressures  to  be  used  in  the  formation  of  the  repellent 
eakr  within  the  bag,  and  it  also  proved  to  bo  more  serviceable  in  siccilated  use 
tests.  The  inner  pocket  is  to  give  protection  to  the  bag  of  repellent  material 
when  the  user  wishes  to  save  it  for  future  use  after  the  front  flap  has  been 
originally  opened. 

41.  Specifications  for  the  unit  are  given  in  Eureau  of  Ships  ad  interim 
Specification  R  51S48(DiT),  Shark-Chasers  (Life  Jacket)  dated  15  June  1944. 

This  specification  is  classified  as  Restricted .  The  Army  Air  Forces  Specifica¬ 
tion,  Packet;  Shark  Deterrent, "o.  4082?  dated  25  July  1944  is  for  a  similar  type 
Of  unit . 

42.  A  aultipocket  unit  was  designed  for  use  ty  individuals  who  find  it 
necessary  to  be  in  shark  infested  water  by  intent  rather  than  by  accident.  This 
unit  is  a  Pelt  type  to  be  wore  around  the  waist  since  the  user  would  not  ordi¬ 
narily  be  wearing  a  life  vest  or  belt.  Instead  of  having  a  reeijeure  feature 
this  unit  has  four  individual  inner  bags  of  repellent  material,  each  of  which  is 
sealed  in  a  separate  compartment  of  the  rater-proof  outer  envelope.  The  com¬ 
partments  can  be  opened  independently,  thereby  releasirg  the  individual  inner 
bags  as  needed.  The  details  of  the  design  and  heat  sealing  of  the  outer  enve¬ 
lope  are  given  in  Plate  9.  Plate  10  shows  how  the  inner  bags  containing  the  re¬ 
pellent  are  assembled  in  the  outer  envelope  and  alto  the  method  of  opening. 

43.  The  inner  bags  are  made  of  cotton  nainsook  of  weight  3.5  yards  40*  ma¬ 
terial  per  pound.  Each  beg  contains  45  grams  of  the  repellent  r.ixture,  pressed 
without  heating  into  a  cake  wijthio  the  bag  to  prevent  sifting  through  the  ligni 
weight  cotton  during  the  assembly  as  a  final  unit.  The  inner  bags  are  attached 
to  the  outer  envelope  by  means  of  a  short  strip  of  vinyl  copolymer  coated  fab¬ 
ric.  The  strip  is  heat  sealed  to  the  bock  of  the  outer  envelope  and  can  be 
readily  pulled  off  when  the  repellent  is  exhausted  or  no  longer  needed. 

44.  The  front  of  the  water  proof  envelope  is  provided  with  pull  tabs  and 
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cvt  in  3ucb  a  aaanor  that  a  single  oosparts-avt  can  be  openefl  without  destroying 
the  mter-'-roofncss  of  the  other  cowpartaents .  A  srefc  belt  vith  a  corrosion  re¬ 
sistant  buckle  servos  to  fasten  the  unit  around  the  mist. 


'OHS  A1W  f.ECC'HSKUTTOVS 

Evidence  ■hmmbmm  presented  to  show  that  a  stature  of  90<  dark  iyestuff, 
Calco  1BSR,  and  20J  Copper  acetate  "xhibtted  strong  shark  repellent  properties 
in  tests  she  re  it  Is  used  to  prote-.  potential  food  o'-  the  sharks . 

Ho  conditions  sere  found  under  which  the  Calco  T33P.-copper  acetate  fix¬ 
ture  lost  its  effectiveness  or  suffered  any  serious  reduction  in  effectiveness. 

;3 

.kT.  It  is  believed  that  the  field  tests  by  which  the  effectiveness  of  the 
repelled  was  evaluated  s iatula te  actual  survival  conditions  sufficiently  close 
to  soke  the  results  valid,  at  least  in  a  quail tetive  sense,  ir.  c  era  ideratior,  cf 
busan  survival. 

/9 

are  types  of  a  shark  repellent  unit  for  individual  protection  have  been 
developed  and  tested  for  general  serviceability  and  practicability.  The  de¬ 
cision  as  to  who  needs  a  shark  repellent  unit  is  dependent  on  the  liklihood  of 
exposure  of  the  individual  to  shark  attack  and  hoe  critical  are  considerations 
Cf  Weight  cud  spnue. 

Substantiated  reports  of  actual  survival  use  should  te  given  careful 
consideration  if  any  change  in  composition  or  design  is  contemplated.  It  is  be¬ 
lieved  that  the  shark  repellent  units  ts  developed  and  described  here  are  as 
effective  as  can  be  developed  on  the  basis  of  existing  knowledge. 
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A  16  a>.  Vodcchrcee  action  picture  fila  with  sound  narration  showing 
the  oeveiorxoent,  testing  and  use  of  the  shark  repellent  has  oeen  prepared  by 
the  Photographic  Science  laboratory  of  the  Bureau  of  Aerrrvrutics  fer  this  labs 
atory  and  is  svsilj.blc  through  the  Bureau  of  3n:?o  for  viewing  by  interested 
parties. 
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The  assistance  of  other  members  of  the  laboratory  staff 
not  mentioned  in  the  body  of  this  report  is  respectfully  ac¬ 
knowledged  .  Stewart  Springer  formerly  of  ohis  laboratory  and 
at  present  associated  with  the  Reed-Martin  Laboratories,  Fort 
Myers,  Florida,  and  Lieut,  (jg)  C.S,  Wallace  US!®,  were  active¬ 
ly  connected  with  the  field  testing  program.  Mr.  F,  E.  Brinnlck, 
associate  chemist,  was  instrumental  in  carrying  out  much  of  the 
laboratory  development  of  the  repellent  unit. 
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